Stress-induced response, localization, and regulation of the Pmk1 cell integrity pathway in Schizosaccharomyces pombe.
Mitogen-activated protein kinase (MAPK) signaling pathways are critical for the sensing and response of eukaryotic cells to extracellular changes. In Schizosaccharomyces pombe, MAPK Pmk1/Spm1 has been involved in cell wall construction, morphogenesis, cytokinesis, and ion homeostasis, as part of the so-called cell integrity pathway together with MAPK kinase kinase Mkh1 and MAPK kinase Pek1. We show that Pmk1 is activated in multiple stress situations, including hyper- or hypotonic stress, glucose deprivation, presence of cell wall-damaging compounds, and oxidative stress induced by hydrogen peroxide or pro-oxidants. The stress-induced activation of Pmk1 was completely dependent on Mkh1 and Pek1 function, supporting a nonbranched pathway in the regulation of MAPK activation. Fluorescence microscopy revealed that Mkh1, Pek1, and Pmp1 (a protein phosphatase that inactivates Pmk1) are cytoplasmic proteins. Mkh1 and Pek1 were also found at the septum, whereas Pmk1 localized in both cytoplasm and nucleus as well as in the mitotic spindle and septum during cytokinesis. Interestingly, Pmk1 subcellular localization was unaffected by stress or the absence of Mkh1 and Pek1, suggesting that its activation by the Mkh1-Pek1 cascade takes place at the cytoplasm and/or septum and that the active and inactive forms of this kinase cross the nuclear membrane. Cdc42 GTPase and its effectors, p21-activated kinases Pak2 and Pak1, are not upstream elements controlling the basal level or the stress-induced activation of Pmk1. However, Sty1 MAPK was essential for proper Pmk1 deactivation after hypertonic stress in a process regulated by Atf1 transcription factor. These results provide the first evidence for the existence of cross-talk between two MAPK cascades during the stress response in fission yeast.